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Abstract 
Protease-activated receptors (PARs) have been implicated in a variety of human 
physiological and pathophysiological processes, including; nociception, 
neuroinflammation, neuroprotective and neurodegenerative pathways (Peters and 
Henry, 2009; Adams et al. 2011).  PAR3 was discovered as a second thrombin 
receptor in 1997, and since then few papers have been published which assess its 
expression in the nervous system (Ishihara et al. 1997).  This paper investigates the 
expression of PAR3 in sensory neurons of the trigeminal ganglion (TG) and dorsal 
root ganglion (DRG) of naïve adult rats.  Immunohistochemistry showed PAR3 to be 
strongly expressed in non-neuronal cells of both the TG and DRG.  Further analysis 
showed these cells to be non-myelinating satellite cells and myelinating Schwann 
cells, both showing strong co-expression of PAR3 and S-100.  The expression of 
PAR3 in sensory neurons proved too difficult to accurately determine.  This study 
concludes that further research, using multiple methods of analysis, is required to 
accurately describe the distribution and quantification of PAR3 positive sensory 
neurons within the TG and DRG of naïve adult rats.  This study does however show 
strong PAR3 expression in non-neuronal satellite cells and Schwann cells of both the 
TG and DRG of naïve adult rats.  
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Introduction 
Protease-activated receptors (PARs) are a family of four seven-transmembrane G 
protein-coupled receptors (GPCR), activated by protease cleavage (Ramachandran 
et al. 2012).  PAR1, PAR3 and PAR4 are preferentially activated by thrombin, 
whereas PAR2 is primarily activated by trypsin (García et al. 2010).  Cleavage of the 
extracellular N-terminal domain results in the exposure of a tethered peptide ligand, 
which binds and activates the receptor (Vellani et al. 2010).  This novel mechanism 
of activation is in contrast with other GPCRs; which, unlike PARs, can be activated 
by soluble ligand binding in vivo (Adams, 2011).  PARs have been implicated in a 
variety of human physiological as well as pathophysiological processes (Peters and 
Henry, 2009), with in vitro and in vivo experimental evidence linking PARs to 
processes involved in the nervous system; including nociception, neuroinflammation, 
neuroprotective and neurodegenerative pathways (Adams et al. 2011).  Even though 
strong experimental evidence link PARs with functional processes in the nervous 
system, their precise expression in sensory neurons is still relatively unknown.  This 
gap in knowledge is particularly evident when reviewing literature relating to the 
expression of PAR3 in the sensory neurones of the TG, with relatively few studies 
confirming its expression in the DRG. 
 
In 1998, Gill and colleagues first reported a functional response to thrombin in 
sensory neurons of the dorsal root ganglion (DRG) in rat models, where thrombin 
was shown to reverse stellation in neuroblastoma cell lines and rat astrocytes, 
respectively, and induce neurite retraction.  However it wasn’t until 2005 when Zhu 
and colleagues showed mRNA for all four PAR subtypes are expressed in sensory 
neurons of the DRG, using rat models.  In particular, PAR3 mRNA was shown to be 
expressed in 40.9± 1.3% of the total neuron population of the DRG, based on scatter 
plot analysis of hybridisation signals (Zhu et al. 2005).  Zhu et al. (2005), using size-
frequency analysis demonstrated PAR3 mRNA was expressed across all neuron 
sizes in the DRG with no preferential expression.  This was the first study, in adult rat 
DRG, to report the precise expression of PAR-3 mRNA by in situ hybridisation.  Their 
work found high co-localisation between CGRP and PAR3 mRNA, suggesting a role 
for PAR3 in nociceptive mechanisms in the periphery.  Many studies in platelets 
have shown PAR3 acts as a cofactor for PAR4 following activation by thrombin 
(Nakanishi-Matsui et al. 2000).  Interestingly however, Zhu and colleagues (2005) 
found no PAR4 expressing neurons in the DRG, with PAR4 expression shown to be 
in non-neuronal cells such as satellite cells.  The author suggests that the activation 
of PAR3 in the nervous system may be different from that in platelets, with PAR3 
acting independently of PAR4. 
 
More recent work by Vellani and colleagues (2010) used experimental techniques, 
such as in situ hybridisation and immunohistochemistry, to quantify PAR expression 
in sensory neurones of the DRG of adult mice.  Although this study was conducted 
using a different species, Vellani et al. (2010) found few qualitative or quantitative 
differences between PAR expression in rat and mice DRG.  PAR3 was shown to be 
strongly expressed in 42% of neurones, using immunohistochemistry, predominantly 
in small neurons (Vellani et al. 2010).  However a significant reduction in the 
proportions of neurones expressing PAR3 was found when the authors used 
functional expression analysis, compared with the histological data.  Experimentally 
induced desensitisation of PAR1 and PAR4 largely ablated neuronal response to 
thrombin suggesting PAR3 is either not functional in sensory neurones or that it can 
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only act in combination with other PARs, a hypothesis which has been noted in other 
studies (Nakanishi-Matsui et al. 2000; McLaughlin et al. 2007; Vellani et al. 2010).  
The authors suggest this was the first study to assess the localisation of functional 
thrombin activated PARs in sensory neurons of the DRG. 
 
The expression of PAR2 in trigeminal neurons (Dinh et al. 2005) has been assessed 
however, to the best of my knowledge there are no studies assessing the expression 
of PAR3 in sensory neurones of the TG.   
 
The aim of this study is to describe the distribution and quantification of PAR3 in 
sensory neurons of the TG and DRG of naïve adult rats (as a model for human 
expression) using immunohistochemistry.  Expression of PAR3 was also 
investigated in non-neuronal cells of the TG and DRG, such as satellite and 
Schwann cells. 
 
 
Method and Materials 
Animal/Tissue Preparation 
Experiments were carried out on two adult naïve male Wistar rats, with a body 
weight range between 220-250g (Charles River, Margate, UK).  All procedures were 
conducted in accordance with the UK 1986 Animals (Scientific Procedures) Act.  The 
animals were on a 12:12 hour light/dark cycle, housed in a temperature controlled 
room.  Food and water was available ad libitum.  Following Schedule 1 killing, the 
animals were transcardially perfused with 0.01 M phosphate-buffered saline (PBS, 
pH 7.4), followed by 4% paraformaldehyde in 0.2 M phosphate buffer (pH 7.4). 
Trigeminal and Dorsal Root Ganglion (lumbar 4 and 5) were rapidly dissected, 
postfixed for 2 hours and subsequently stored overnight in 20% sucrose 
(cryoprotection).  The tissue sections were blocked in OCT mounting media (Tissue-
Tek), snap-frozen in liquid nitrogen and stored at -80°C until required.  Tissue 
sections, 8µm, were cut on a Leica cryostat (CM1100), serially thaw-mounted onto 
SuperFrost Plus slides (VWR) and stored in 30% sucrose at -20°C until use. 
It should be noted that the tissue sections used in this study were provided, pre-
mounted, following this procedure. 
Immunohistochemistry Protocol 
All stages explained were conducted at room temperature, unless otherwise stated.  
After each stage which required the removal of liquids the slides were briefly air 
dried.   
The slides were placed in a Coplin jar and washed in phosphate buffered saline 
(PBS 0.01 M, pH 7.4) on an orbital shaker (160 MOT/1 minute), for 3X10 minute 
washes.  PAP Pen (Sigma) was applied around tissue sections.  To decrease the 
occurrence of non-specific binding the tissue was incubated, in a humidity chamber, 
with 10% donkey serum (PBS, 0.2% Triton X100, 0.1% sodium azide, 500µl/slide) 
for 1 hour.  The slides were then washed; three 10 min PBS washes as before.  The 
tissue was then incubated with primary antibodies (Goat anti-Rat PAR-3 [M20], 
Santa Cruz Biotechnology, CA, USA at 1:100; S-100, gift from Peninsular Medical 
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School at 1:100), diluted in 5% donkey serum (PBS, 0.2 Triton X100, 0.1% sodium 
azide) and left overnight.  PAR-3 (M20) was previously characterised by Wang et al. 
(2004).  S-100 was used to identify specific cell types expressing PAR3.  The slides 
were washed (3X10 minutes) in PBS as before and incubated with secondary 
antibodies (Donkey anti-Goat AlexaFluor-555 [red] at 10µl/ml; Donkey anti-Rabbit 
AlexaFluor-488 [green] at 1:100) diluted in 5% donkey serum (PBS, 0.2 Triton X100, 
0.1% sodium azide) for 3 hours, protected from light.  The slides were washed 3X10 
minutes in PBS as before, incubated with DAPI (100ng/ml in PBS) for 15 minutes 
and washed again (1X10 minute PBS wash as before).  2 drops of FluorSave were 
applied to cover slips and placed over the tissue sections.  After being left to dry 
overnight, protected from light, the slides were sealed with clear nail varnish and 
stored in a refrigerator at 4°C in the dark.   
The images were acquired using a Nikon Eclipse 80i epifluorescence microscope 
equipped with a Nikon DS-Qi1Mc camera using NIS-Elements Software (BR 3.2, 
Nikon).  Images were taken at X10, X20 and X40 magnification.  
Results 
PAR3 Expression in TG and DRG neurons 
PAR3 immunoreactivity (IR) was detected in both TG (Fig. 1) and DRG (Fig. 2) 
tissue sections from naïve adult rats.  Its precise expression and localisation in 
neurons however could not be determined due to its strong expression in satellite 
cells surrounding the neuron cell bodies of both the TG and DRG. 
 
 
 
 
 
 
      
 
 
 
 
 
Figure 1: Localisation of PAR3 in the TG of naïve adult rats.  PAR3 receptors appear red (a, 
b and c) and cell nuclei appear blue (b and c).  (a) Photomicrograph of section labelled for 
PAR3 receptor (X10 magnification). (b) Photomicrograph of axons double-labelled for PAR3 
and DAPI (X40 magnification).  (c) Photomicrograph of sensory neurons double-labelled for 
PAR3 and DAPI (X40 magnification).  Scale bar (a) = 200µm, (b and c) = 50µm. 
(a) 
(b) (c) 
(a) 
(b) (c) 
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Figure 2:  Localisation of PAR3 in L4/5 DRG of naïve adult rats.  PAR3 receptors appear 
red (a, b and c) and cell nuclei appear blue (b and c).  (a) Photomicrograph of section 
labelled for PAR3 receptor (X10 magnification).  (b) Photomicrograph of axons double-
labelled for PAR3 and DAPI (X40 magnification).  (c) Photomicrograph of sensory neurons 
double-labelled for PAR3 and DAPI (X40 magnification).  Scale bar (a) = 200µm, (b and c) = 
50µm. 
PAR3 Expression in Non-Neuronal cells of the TG and DRG: Satellite Cells 
PAR3 immunoreactivity was found in satellite cells of both the TG (Fig. 1c) and DRG 
(Fig. 2c) of naïve adult rats.  Primary staining appeared to be in non-neuronal cells; 
shown in ‘ring like’ structures surrounding sensory neuron cell bodies and associated 
with satellite cell nuclei in both the TG and DRG.  A primary antibody, S-100, was 
used to identify satellite cells within the TG and DRG.  The S-100 phenotypic marker 
appears green (Fig. 3a and d), the PAR3 receptor in red (Fig. 3b and e) and 
overlapping expression in yellow (Fig. 3c and f).   Areas of strong PAR3 and S-100 
co-expression in the satellite cells of both the DRG and TG can be clearly seen in 
the photomicrographs taken (Fig 5a and c).  PAR3-immunoreactivity appears to be 
found in both the cytoplasm and the plasma membrane.  PAR3 was found to be 
expressed in all satellite cells observed, surrounding neurons in both the TG and 
DRG. 
 
 
(a) 
(b) (c) 
The Plymouth Student Scientist, 2013, 6, (1), 72-85 
 
 
[77] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  Co-localisation of S-100 and PAR3 in L4/5 DRG (a, b and c) and TG (d, e and f) 
sensory neurones.  Satellite cells appear green, PAR3 receptors appear red and overlapping 
of these two markers appears yellow.  (a and d) Photomicrographs of section labelled for S-
100.  (b and e) Photomicrographs of section labelled for PAR3 receptor.  (c and f) 
Photomicrographs of section double-labelled for S-100 and PAR3 receptor.  Arrow shows 
example of co-expression.  Images taken at X20 magnification.  Scale bar = 100µm. 
 
PAR3 Expression in Non-Neuronal cells of the TG and DRG: Schwann Cells 
PAR3 immunoreactivity was found in the axonal regions of both the TG and DRG 
(Fig. 4).  Co-staining with S-100 (Fig. 4a and d), a phenotypic marker of Schwann 
cells, and PAR3 (Fig. 4b and e) showed strong evidence of overlapping expression 
(Fig. 4c and f).  This co-expression can be seen clearly in the photomicrographs of 
both the TG and DRG (Fig. 5b and d).  Axonal expression of PAR3 is specifically 
localised to Schwann cells.  PAR3-immunoreactivity appears to be in both the 
plasma membrane and cytoplasm of axonal Schwann cells of the TG and DRG.  
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Figure 4:  Co-localisation of S-100 and PAR3 in L4/5 DRG (a, b and c) and TG (d, e and f) 
axons.  Satellite and Schwann cells appear green, PAR3 receptors appear red and 
overlapping of these two markers appears yellow.  (a and d) Photomicrographs of section 
labelled for S-100.  (b and e) Photomicrographs of section labelled for PAR3 receptor.  (c 
and f) Photomicrographs of section double-labelled for S-100 and PAR3 receptor.  Arrow 
shows example of co-expression.  Images taken at X20 magnification.  Scale bar = 100µm. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5:  Photomicrographs showing co-localisation of S-100 and PAR3 in L4/5 DRG (a 
and b) and TG (c and d) of sensory neurons (a and c) and axons (b and d).  PAR3 receptors 
appear red, satellite and Schwann cells appear green, overlap between these two markers 
appears yellow.  Arrows show examples of co-expression.  Images taken at X40 
magnification.  Scale bar = 50µm. 
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Discussion 
This study used immunohistochemistry to describe the distribution and quantification 
of PAR3 in the TG and DRG of naïve adult rats.  This study found clear evidence for 
the expression of PAR3 in satellite and Schwann glial cell types of both the TG and 
DRG.  However it was not possible to accurately determine PAR3 expression in 
sensory neurons, of these regions.   
PAR3 Expression in Glial Cells 
A preliminary experiment, using immunohistochemistry, showed PAR3 expression to 
be strong in the areas directly surrounding neuron cell bodies, shown to be non-
myelinating satellite cells, and in specific regions within the axons, shown to be 
myelinating Schwann cells (Figs 1 and 2).  Both satellite cells and Schwann cells 
express S100β (Woodhoo et al. 2004) and therefore this phenotypic stain was used 
to distinguish both cell types in vitro immunohistochemical analysis.  Co-staining of 
PAR3 receptors and S-100 resulted in strong overlapping-expression in both satellite 
cells and Schwann cells of the TG and DRG of naïve adult rats (Figs 3, 4 and 5). 
Satellite Cells 
PAR3 was found to have strong co-expression with S-100 in satellite cells of both the 
TG and DRG in naïve adult rats (Figs 3 and 5).  A previous study by Zhu et al. 
(2005) found PAR4 mRNA expression was seen in non-neuronal cells, such as 
satellite cells, however made no comment regarding PAR3.  PAR2 and PAR4 
expression have been described in satellite cells of both the skeletal muscle and 
DRG of mature rats, respectively (Zhu et al. 2005; Duchesne et al. 2011).  Literature 
covering PAR3 expression in satellite cells of the TG and DRG, to the best of my 
knowledge, is not available.  This would therefore be the first study to describe the 
expression of PAR3 in satellite cells of the TG and DRG in naïve adult rats. 
Schwann Cells  
PAR3 was found to have strong co-expression with S-100 in Schwann cells of both 
the TG and DRG in naïve adult rats.  To the best of my knowledge there are no 
studies which have assessed PAR3 expression in Schwann cells.  This study would 
therefore be the first to describe the expression of PAR3 in Schwann cells of both 
the TG and DRG of naïve adult rats. 
PAR3 Expression in Sensory Neurons 
Determining the expression of PAR3 in sensory neurons of the TG and DRG, in this 
study, was not possible.  PAR3 was found to be strongly expressed in the satellite 
cells surrounding the sensory neuron cell bodies.  As this study used an 
epifluorescence microscope, only a single focal plane though the tissue sample was 
able to be viewed.  Due to the close distribution of satellite cells around the neuron 
cell bodies, neurons which appeared positive may have actually been viewed 
through an overlying positive satellite cell.  It was therefore not possible to describe 
with certainty, using this technique, whether a neuron was PAR3 positive. 
A previous study conducted by Zhu and colleagues (2005) also found the expression 
of PAR protein in neurons to be equivocal, finding PAR4 expression in glial cells 
impossible to distinguish from neuronal staining.  Zhu et al. (2005) did however find 
PAR3 mRNA expression in sensory neurons of the DRG of naïve adult rats, with 
distribution shown to be irrespective of neuron size.  These findings are inconsistent 
with a study conducted by Vellani et al. (2010) in which immunohistochemistry found 
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PAR3 expression was seen predominantly in small neurons of adult mice DRG.  
Although these studies were carried out on different species, Vellani et al. (2010) 
found few qualitative or quantitative differences between PAR expression in rat and 
mice DRG.  Vellani et al. (2010) found that the PAR2 antibody used in their study 
was non-specific on Western blots, resulting in the removal of PAR2 
immunohistochemistry analysis from the paper.  The antibody used in this study may 
also have had questionable specificity, resulting potentially in non-uniform staining; 
as found on some tissue samples of this study.  An antibody specificity test, such as 
conducting the immunohistochemistry procedure with only the secondary antibody 
would have helped to determine this.  Western blotting could have also been used to 
ascertain the specificity of the antibodies being used.   
The use of multiple analytical techniques, such as in situ hybridisation, 
immunohistochemistry and methods ascertaining functional expression as used by 
Vellani et al. (2010) may have proved advantageous.  As in other studies the use of 
different microscopy techniques, such as confocal microscopy, may have also aided 
the precise assessment of PAR3 expression in sensory neurons (Vellani et al. 2010; 
Shavit et al. 2011; Sokolova et al. 2012).  This technique would have proved 
particularly useful when determining neuronal PAR3 expression.   
This study may also have benefited from an increased number of sample animals.  
This would help create a wider, more accurate assessment of PAR3 expressing cells 
and allowed for statistical analysis.  To the best of my knowledge, no studies 
assessing the expression of PAR3 have been conducted in the TG. 
Functional Implications 
Glial-Neuron Interaction 
Glial cells have been shown to actively interact with neurons, contributing to 
neuronal function, neuroarchitecture, as well as maintenance of physiological 
homeostasis; under physiological and pathophysiological conditions (Eulenburg and 
Gomeza, 2010; Gwak et al. 2011).  This glial-neuron interaction can directly affect 
neuron function and has been implicated in the development and maintenance of 
pathological pain, such as seen following peripheral nerve and spinal cord injury 
(Nesic et al. 2005; Watkins et al. 2007; Gwak and Hulsebosch, 2009). 
In recent years evidence has accrued which shows the immune system can directly 
alter neuronal function (Watkins et al. 2007).  Both satellite cells and Schwann cells 
of the DRG have been found to be immune-like glial cells, comprising the resident 
immunocompetent cells of the peripheral nervous system; providing immune 
surveillance of neurons (Moalem and Tracy, 2006; Myers et al. 2006; Watkins et al. 
2007).  Both cell types are capable of producing what are considered classical 
immune substances, such as proinflammatory cytokines and chemoattractants 
(Watkins and Maier, 2002) that can interact with both CNS and PNS neurons.   
Satellite cells 
In recent years many studies have assessed the interactive role between satellite 
cells and neurons.  Satellite cells of the DRG and TG are connected by gap junctions 
and supply neurons with nutrients as well as buffer the extracellular ion and 
neurotransmitter levels (Sakuma et al. 2001; Ren and Dubner, 2010).  Following 
nerve injury, invasion of the DRG by macrophages and T cells occurs, and 
macrophages move across the satellite cells forming perineuronal rings around large 
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and medium sized neurons (Hu and McLachlan, 2002; Hu et al. 2007; Ren and 
Dubner, 2010).  Their presence increases satellite cell and neuron interaction by 
paracrine signalling, known to be a major mechanism which underlies peripheral 
sensitization in the DRG (Thalakoti et al. 2007; Miller et al. 2009; Ren and Dubner, 
2010).  Recent studies suggest, following injury, satellite cells of both the TG and 
DRG show increased gap junction coupling (Dublin and Hanani, 2007; Durham and 
Garrett, 2010).  More interestingly, in the absence of noxious stimulation, no gap 
junction coupling between either DRG neurons or neurons and satellite cells can be 
seen (Ledda et al. 2009).  Therefore following peripheral noxious stimulation, 
increased satellite cell to satellite cell and satellite cell to neuronal interaction occurs, 
enhancing primary afferent input and increased neuronal excitability (Ren and 
Dubner, 2010).   This mechanism of increased communication can also affect 
neurons and satellite cells in the surrounding area (Thalakoti et al. 2007).   
TG satellite cells also promote neuron sensitisation though autocrine/paracrine 
stimulation, creating a positive feedback loop (Capuano et al. 2009).  A major 
mediator of TG nociceptive signalling is calcitonin gene-related peptide (CGRP) 
(Corato et al. 2011).  CGRP released by neurons induces IL-1β (Interleukin-1 beta) 
production by satellite cells, which in turn activates the satellite cell COX2 
(Cyclooxygenase-2) pathway, increasing PGE2 (Prostaglandin E2) production 
(Capuano et al. 2009; Ren and Dubner, 2010).  NO (Nitric oxide) production by TG 
neurons also increases PGE2 production possibly though the activation of COX1 
(Cyclooxygenase-1) in satellite cells (Capuano et al. 2009; Ren and Dubner, 2010).  
PGE2 stimulates CGRP production in TG neurons increasing sensitisation of 
nociceptors (Miller et al. 2009; Ren and Dubner, 2010). 
Sensitisation of sensory neurons of the DRG, following injury, can also occur via the 
increased levels of pro- and anti-inflammatory cytokines and chemokines (Ren and 
Dubner, 2010).  These act upon their specific receptor on DRG neurons, to generate 
ectopic discharges and enhance primary afferent input to the dorsal horn; by 
coupling to specific transient receptor potentials and sodium channels (Ren and 
Dubner, 2010).  Reviewed by Miller et al (2009).   
Schwann cells 
Surprisingly, unlike satellite cells, few papers have been published which assess the 
interaction between Schwann cells and neuron function.  Schwann cells have 
however been implicated in the recruitment of macrophages, resulting in nociceptor 
sensitisation following injury.  TNF-α is released by Schwann cells following nerve 
injury which is known to induce matrix metalloproteinase-9 (MMP-9) (Shubayev et al. 
2006; Ren and Dubner, 2010).  MMP-9 increases macrophage migration to injury 
site via mechanisms associated with the breakdown of the blood-brain barrier 
(Shubayev et al. 2006; Ren and Dubner, 2010).  
As explained satellite and Schwann cell types have been implicated as contributors 
to neuropathic pain (Watkins et al. 2007).  An increased understanding of the glial-
neuron interaction may lead to the discovery of novel therapeutic targets for the 
treatment of neuropathic pain (Ledeboer et al. 2006; Myers et al. 2006; Ledeboer et 
al. 2007; Bernardo and Minghetti, 2008; Capuano et al. 2009; Vergnolle, 2009). 
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Thrombin and PAR3 in the nervous system  
Thrombin is the primary activator of PAR1, PAR3 and PAR4.  Thrombin activated 
PARs have been shown to have multiple roles in the central (CNS) and peripheral 
nervous system (PNS) these include; nociceptive signalling interaction, neurite out- 
growth and neuronal death regulation as well as microglia activation (García et al. 
2010).  The majority of the literature, however, specifically covers PAR1 and PAR4, 
with few studies specifically assessing PAR3.  This is likely due to the order of PAR 
discovery and the general view that PAR3 acts as a cofactor for PAR4, although this 
has recently been questioned (Zhu et al. 2005; Ostrowsaka and Reiser, 2008).  
There is currently a lack of information on the effect of PAR3 on synaptic function 
and behaviour (Adams et al. 2011; Almonte and Sweatt, 2011).  The current 
understanding of thrombin and PARs in pain mechanisms are reviewed by García 
and colleagues (2010).  Both PAR1 and PAR4, of the thrombin activated PARs, have 
been implicated in having a potentiating effect on TRPV1 (Transient Receptor 
Potential Vanilloid, the noxious thermal transducer protein) activity (Vellani et al. 
2010). 
Although PARs have been implicated in many roles within the nervous system, the 
functional role of PAR3 remains generally unclear (Ostrowska and Reiser, 2008).  As 
shown glial neuron interaction can result in increased nociception following injury.  
Thrombin’s release is known to occur following cell damage, and PARs have been 
strongly implicated in the response to pain in both the CNS and PNS (García et al. 
2010).  It is therefore possible that although mechanistic links have yet to be made, 
PAR3 may play a role in these pathways; i.e. PAR3 mediated glial activation with 
subsequent neuron-glial interaction. 
Conclusion 
Of the PAR family, PAR3 remains the most elusive, with its functional role relatively 
unknown (Ostrowsaka and Reiser, 2008).   
To the best of my knowledge, there are no studies which specifically assess the 
potential role of PAR3, or any PARs, in interactions between neurons and glial cells.  
The unequivocal evidence of interaction between these two cell types, as well as the 
knowledge PAR3 is activated by thrombin; a serine protease released following 
injury, suggests that there is the possibility of an interactive role of PAR3 expressing 
glial cells with neurons of the DRG and TG.  Depending on PAR3 expression within 
neurons, this receptor may also play a major role in other mechanisms within the 
nervous system; such as nociception, inflammation and neurodegeneration. 
In summary this study found PAR3 to be strongly expressed in non-neuronal glial 
cells (satellite cells and Schwann cells) of the TG and DRG of naïve adult rats.  
However the expression of PAR3 in sensory neurons of both the TG and DRG 
proved inconclusive. 
Acknowledgements 
This work was conducted with Plymouth University with support from Dr Stephen W. 
N. Thompson and Joceline Triner.  With special thanks to Peninsular College of 
Medicine and Dentistry for the gift of S-100 primary antibody. 
 
 
The Plymouth Student Scientist, 2013, 6, (1), 72-85 
 
 
[83] 
 
References 
Adams MN, Ramachandran R, Yau MK, Suen JY, Fairlie DP, Hollenberg MD, 
Hooper JD (2011) Structure, function and pathophysiology of protease activated 
receptors. Pharmacology & Therapeutics 130:248-282. 
Almonte AG, Sweatt JD (2011) Serine proteases, serine protease inhibitors, and 
protease-activated receptors: Roles in synaptic function and behavior. Brain 
Research 1407:107-122. 
 
Corato AD, Lisi L, Capuano A, Tringali G, Tramutola A, Navarra P, Russo CD (2011) 
Trigeminal satellite cells express functional calcitonin gene-related peptide receptors, 
whose activation enhances interleukin-1β pro-inflammatory effects. Journal of 
Neurochemistry 237:39-46. 
Bernardo A, Minghetti L (2008) Regulation of Glial Cell Functions by PPAR-γ Natural 
and Synthetic Agonists. PPAR Research 2008:1-10. 
Dinh QT, Cryer A, Dinh S, Trevisani M, Georgiewa P, Chung F, Geppetti P, Heppt 
W, Klapp BF, Fischer A (2005) Protease-activated receptor 2 expression in 
trigeminal neurons innervating the rat nasal mucosa. Neuropeptides 39:461-466. 
Duchesne E, Tremblay MH, Côté CH (2011) Mast cell tryptase stimulates myoblast 
proliferation; a mechanism relying on protease-activated receptor-2 and 
cyclooxygenase-2. BMC Musculoskeletal Disorders 12:235-244. 
Durham PL, Garrett FG (2010) Emerging Importance of Neuron-Satellite Glia 
Interactions within Trigeminal Ganglia in Craniofacial Pain. The Open Pain Journal 
3:3-13. 
Eulenburg V, Gomeza J (2010) Neurotransmitter transporters expressed in glial cells 
as regulators of synapse function. Brain Research Reviews 63:103-112. 
García PS, Gulati A, Levy JH (2010) The role of thrombin and protease-activated 
receptors in pain mechanisms. Thrombosis and Haemostasis 103:1145-1151. 
Gill JS, Pitts K, Rusnak FM, Owen WG, Windebank AJ (1998) Thrombin induced 
inhibition of neurite outgrowth from dorsal root ganglion neurons. Brain Research 
797:321-327.  
Gwak YS, Hulsebosch CE (2009) Remote astrocytic and microglial activation 
modulates neuronal hyperexcitability and below-level neuropathic pain after spinal 
injury in rat. Neuroscience 161:895-903.  
Gwak YS, Kang J, Unabia GC, Hulsebosch CE (2011) Spatial and temporal 
activation of spinal glial cells: Role of gliopathy in central neuropathic pain following 
spinal cord injury in rats. Experimental Neurology.  ISSN 0014-4886, 
10.1016/j.expneurol.2011.10.010. 
Hu P, Bembrick AL, Keay KA, McLachlan EM (2007) Immune cell involvement in 
dorsal root ganglia and spinal cord after chronic constriction or transection of the rat 
sciatic nerve. Brain, Behavior, and Immunity 21:599-616.  
The Plymouth Student Scientist, 2013, 6, (1), 72-85 
 
 
[84] 
 
Hu P, McLachlan EM (2002) Macrophage and lymphocyte invasion of dorsal root 
ganglia after peripheral nerve lesions in the rat. Neuroscience 122:23-38. 
Ishihara H, Connolly AJ, Zeng D, Kahn ML, Zheng YW, Timmons C, Tram T, 
Coughlin SR (1997) Protease-activated receptor 3 is a second thrombin receptor in 
humans. Nature 386:502-506. 
Ledda M, Blum E, Palo SD, Hanani M (2009) Augmentation in gap junction-mediated 
cell coupling in dorsal root ganglia following sciatic nerve neuritis in the mouse. 
Cellular Neuroscience 164:1538-1545. 
Ledeboer A, Hutchinson MR, Watkins LR, Johnson KW (2007) Ibudilast (AV-411): A 
new class therapeutic candidate for neuropathic pain and opioid withdrawal 
syndromes. Expert Opinion on Investigational Drugs 16:935-950. 
Ledeboer A, Liu T, Shumilla JA, Mahoney JH, Vijay S, Gross MI, Vargas JA, 
Sultzbaugh L, Claypool MD, Sanftner LM, Watkins LR, Johnson KW (2006) The glial 
modulatory drug AV411 attenuates mechanical allodynia in rat models of 
neuropathic pain. Neuron Glia Biology 2:279-291. 
McLaughlin JN, Patterson MM, Malik AB (2007) Protease-activated receptor-3 
(PAR3) regulates PAR1 signaling by receptor dimerization. PNAS 104:5662-5667. 
Miller RJ, Jung H, Bhangoo SK, White FA (2009) Cytokine and Chemokine 
Regulation of Sensory Neuron Function. Handbook of Experimental Pharmacology 
194:417-449. 
Moalem G, Tracey DJ (2006) Immune and inflammatory mechanisms in neuropathic 
pain. Brain Research Reviews 51:240-264. 
Myers RR, Campana WM, Shubayev VI (2006) The role of neuroinflammation in 
neuropathic pain: mechanisms and therapeutic targets. Drug Discovery Today 11:8-
20. 
Nakanishi-Matsui M, Zheng YW, Sulciner DJ, Weiss EJ, Luderman MJ, Coughlin SR 
(2000) PAR3 is a cofactor for PAR4 activation by thrombin. Nature 404:609-613. 
Nesic O, Lee J, Johnson KM, Ye Z, Xu G-Y, Unabia GC, Wood TG, McAdoo DJ, 
Westlund KN, Hulsebosch CE, Perez-Polo JR (2005) Transcriptional profiling of 
spinal cord injury-induced central neuropathic pain. Journal of Neurochemistry 
95:998-1014. 
Ostrowsaka E, Reiser G (2008) The protease-activated receptor-3 (PAR-3) can 
signal autonomously to induce interleukin-8 release. Cellular and Molecular Life 
Sciences 65:970-981.  
Peters T, Henry PJ (2009) Protease-activated receptors and prostaglandins in 
inflammatory lung disease. British Journal of Pharmacology 158:1017-1033.  
Ramachandran R, Noorbakhsh F, DeFea K, Hollenberg MD (2012) Targeting 
proteinase-activated receptors: therapeutic potential and challenges. Nature 
Reviews Drug Discovery 11:69-86. 
The Plymouth Student Scientist, 2013, 6, (1), 72-85 
 
 
[85] 
 
Sakuma E, Wang HJ, Asai Y, Tamaki D, Mabuchi Y, Herbert DC, Soji T (2001) Gap 
junctional communication between the satellite cells of rat dorsal root ganglia. 
Kaibogaku Zasshi 76:297-302. 
Shavit E, Michaelson DM, Chapman J (2011) Anatomical localization of protease-
activated receptor-1 and protease-mediated neuroglial crosstalk on peri-synaptic 
astrocytic endfeet. Journal of Neurochemistry 119:460-473. 
Shubayev VI, Angert M, Dolkas J, Campana WM, Palenscar K, Myers RR (2006) 
TNFα-induced MMP-9 promotes macrophage recruitment into injured peripheral 
nerve. Molecular and Cellular Neuroscience 31:407-415. 
Sokolova E, Aleshin S, Reiser G (2012) Expression of protease-activated receptor 
(PAR)-2, but not other PARs, is regulated by inflammatory cytokines in rat 
astrocytes. Neurochemistry International 60:276-285. 
Thalakoti S, Patil VV, Damodaram S, Vause CV, Langford LE, Freeman SE, Durham 
PL (2007) Neuron–Glia Signaling in Trigeminal Ganglion: Implications for Migraine 
Pathology. Headache 47:1008-1023. 
Vergnolle (2009) Protease-activated receptors as drug targets in inflammation and 
pain. Pharmacology and Therapeutics 123:292-309 
Vellani V, Kinsey AM, Prandini M, Hechtfischer SC, Reeh P, Magherini PC, 
Giacomoni C, McNaughton PA (2010) Protease activated receptors 1 and 4 sensitize 
TRPV1 in nociceptive neurons. Molecular Pain 6:1-17. 
Vit JP, Ohara PT, Bhargava A, Kelly K, Jasmin L (2008) Silencing the Kir4.1 
Potassium Channel Subunit in Satellite Glial Cells of the Rat Trigeminal Ganglion 
Results in Pain-Like Behavior in the Absence of Nerve Injury. The Journal of 
Neuroscience 28:4161-4171. 
Watkins LR, Hutchinson MR, Milligan ED, Maier SF (2007) “Listening” and “talking” 
to neurons: Implications of immune activation for pain control and increasing the 
efficacy of opioids. Brain Research Reviews 56:148-169. 
Watkins LR, Maier SF (2002) Beyond Neurons: Evidence That Immune and Glial 
Cells Contribute to Pathological Pain States. Physiological Reviews 82:981-1011. 
Wang Y, Richter-Landsberg C, Reiser G (2004) Expression of protease-activated 
receptors (PARs) in OLN-93 oligodendroglial cells and mechanism of PAR-1-induced 
calcium signaling. Neuroscience 126:69-82. 
Woodhoo A, Dean CH, Droggiti A, Mirsky R, Jessen KR (2004) The trunk neural 
crest and its early glial derivatives: a study of survival responses, developmental 
schedules and autocrine mechanisms. Molecular and Cellular Neuroscience 25:30-
41.   
Zhu WJ, Yamanaka H, Obata K, Dai Y, Kobayashi K, Kozai T, Tokunaga A, Noguchi 
K (2005) Expression of mRNA for four subtypes of the proteinase-activated receptor 
in rat dorsal root ganglia. Brain Research 1041:205-211. 
